Zika virus, an arbovirus transmitted by mosquitoes of the Aedes species, is now rapidly disseminating throughout the Americas and the ongoing Brazilian outbreak is the largest Zika virus epidemic so far described. In addition to being associated with a nonspecific acute febrile illness, a number of neurological manifestations, mainly microcephaly and Guillain-Barré syndrome, have been associated with infection. These with other rarer neurological conditions suggest that Zika virus, similar to other flaviviruses, is neuropathogenic. The surge of Zika virus-related microcephaly cases in Brazil has received much attention and the role of the virus in this and in other neurological manifestations is growing. Zika virus has been shown to be transmitted perinatally and the virus can be detected in amniotic fluid, placenta and foetus brain tissue. A significant increase in Guillain-Barré syndrome incidence has also been reported during this, as well as in previous outbreaks. More recently, meningoencephalitis and myelitis have also been reported following Zika virus infection. In summary, while preliminary studies have suggested a clear relationship between Zika virus infection and certain neurological conditions, only longitudinal studies in this epidemic, as well as experimental studies either in animal models or in vitro, will help to better understand the role of the virus and the pathogenesis of these disorders.
Introduction
Zika virus (ZIKV) was first isolated in the Zika forest of Uganda from a sentinel Rhesus monkey with an acute febrile illness in 1947 (Dick et al., 1952) . Human infection was first subsequently detected in Nigeria (Macnamara, 1954) ; however, in the period up to 2007, only sporadic and mild cases of associated clinical disease were reported Pré-Print from Africa and Southeast Asia. In 2007 a major outbreak occurred in the Yap Islands in Micronesia with almost three-quarters of inhabitants being infected (Duffy et al., 2009) . Subsequent epidemics occurred in Southeast Asia and throughout the Pacific Ocean Islands (Ioos et al., 2014) . The apparently benign nature of ZIKV infection was challenged in an outbreak in French Polynesia, which began in October 2013, where a significant number of individuals developed Guillain-Barré syndrome (GBS) and other autoimmune complications in association with concurrent circulation of Dengue virus (DENV) (Ioos et al., 2014) .
Following spread throughout the Pacific, the virus was subsequently detected in mid-2015 in Brazil, which has now become home of the largest outbreak of ZIKV with 30 000 clinical cases reported to date (Faria et al., 2016) and by the third week of 2016, 22 of the 26 Brazilian states had confirmed ZIKV infection. The total number of infected individuals is unknown and expected to reach more than one million cases. Phylogenetic analyses suggest a single introduction of ZIKV into the Americas, estimated to have occurred between May and December 2013, more than 12 months prior to the first detection of ZIKV in Brazil. The estimated date of origin coincides with an increase in air travel passengers to Brazil from ZIKV endemic areas in the Pacific Islands (Faria et al., 2016) .
The first neurological complications possibly associated with the Brazilian ZIKV outbreak were reported in July 2015, when health authorities notified the Brazilian Ministry of Health (MoH) of an increase in the number of cases of GBS in the state of Bahia in North-Eastern Brazil (Bahia, 2015) . Subsequently the World Health Organization (WHO) was informed of an increase in cases of GBS in other South American countries (WHO, 2016b, d) . In October 2015, there were reports of an increase in the number of children born with microcephaly in the Brazilian North-Eastern state of Pernambuco with subsequent notification to the WHO (Brasil, 2015) . As of December 2015, Brazilian Health authorities reported the occurrence of 2975 suspected cases of microcephaly (99.7/ 100 000 live births) possibly related to maternal ZIKV infection (Brasil, 2016b) and most of these cases were concentrated in North-Eastern states, where ZIKV was-at the time-more prevalent (WHO, 2016d).
As of February 2016, 25 countries and territories from the Americas, Africa and Asia have reported ZIKV infection and the virus is now rapidly disseminating throughout the Americas, and in particular in Venezuela, Cabo Verde, Colombia, El Salvador, Martinique and Panama (2016a) .
In January 2016, the Centre for Disease Control and Prevention (CDC) activated its Emergency Operations Centre to respond to the outbreaks of ZIKV in the Americas and the increased reports of birth defects and GBS. On 1 February 2016, the WHO declared a public health emergency of international concern because of the clusters of microcephaly and other neurological disorders in areas affected by ZIKV (WHO, 2016c). On 8 February 2016, CDC elevated its Emergency Operations Centre to a Level 1, the highest level (CDC, 2016a) and this led European and North-American health authorities to advise pregnant women in any trimester to postpone travel to any area where ZIKV was occurring and the use of condoms to prevent sexual transmission of the virus (CDC, 2016b) .
References for this Update were identified by searches of PubMed between 1952 and 21 May 2016 using MeSH search terms. ZIKV information was also gathered from online official bulletins and newsletters of the Brazilian MoH, WHO, Pan-American Health Organization (PAHO) and CDC.
Zika virus
ZIKV is a member of the genus Flavivirus of the Flaviviridae family, which is classified as an arthropodborne (arbovirus) and includes Dengue (DENV), West Nile (WNV), Yellow Fever (YFV), and Japanese Encephalitis (JEV) viruses, among others. Another arbovirus, the Chikungunya virus (CHIKV), although a member of a different family (Togaviridae), causes similar clinical symptoms to DENV and ZIKV.
ZIKV, DENV and CHIKV are transmitted primarily through the bite of infected Aedes species mosquitoes. There is also evidence that ZIKV may be transmitted from mother to child (transplacental infection) (Besnard et al., 2014) . Other routes of transmission, such as through blood transfusion and sexual contact also occur, but are much more rare (Musso et al., , 2015 .
The classical ZIKV syndrome is similar to, but usually milder than DENV fever. It is characterized by fever, rash, arthralgia, and conjunctival hyperaemia (Duffy et al., 2009) . ZIKV syndrome has always been considered a benign and self-limited exanthematic disease with symptoms disappearing after 3-7 days, except for arthralgia, which can persist for up to 1 month. Arboviruses are also known to be neurotropic. Table 1 summarizes and compares the main clinical and neurological syndromes associated with main arboviruses of interest to the present update.
The serological diagnosis of ZIKV can be challenging because of cross-reactivity with other flaviviruses. During the first week following symptoms, ZIKV can be diagnosed by detection of viral RNA using reverse transcriptase-polymerase chain reaction (RT-PCR) in blood but viral RNA and viable viruses can also be detected in urine, saliva, semen and vaginal secretion for up to 30 days . Therefore, these specimens represent an alternative for late diagnosis. Virus-specific IgM and neutralizing antibodies typically develop toward the end of the first week of illness. Plaque-reduction neutralization testing (PRNT) can be performed to measure virus-specific neutralizing antibodies and discriminate between cross-reacting antibodies in primary flavivirus infections (CDC, 2016b).
The PRNT method may be more specific than IgM ELISA, particularly in areas with co-circulation of flaviviruses. In addition to a positive RT-PCR, a positive IgM or an increase in the titre of neutralizing antibodies is indicative of ZIKV infection. Finally, it has been suggested that pregnant women may have a positive RT-PCR, which persists longer than other infected individuals, a finding that must be confirmed in larger studies (Driggers et al., 2016) .
Congenital ZIKV syndrome
Microcephaly is a frequent clinical sign common in many rare genetic diseases and can also be observed following certain congenital infections. In November 2015 a new notification system was introduced in Brazil, which was specific for children with small head circumference measured at birth, following the report that the number of microcephaly cases was apparently higher than expected in the Northeast region of the country (Brasil, 2015) . The emergence of both ZIKV infection in Brazil and the increase in numbers of congenital microcephaly cases, together with evidence of perinatal transmission (Besnard et al., 2014) raised the hypothesis of a link between infection and this condition. Based on this possible association, the WHO made specific recommendations (WHO, 2016c) and the Brazilian MoH implemented new microcephaly case report definitions (Brasil, 2015) . The Brazilian MoH proposed that a suspected case may be confirmed after exclusion of other causes of microcephaly, infectious or otherwise, and laboratory evidence of ZIKV infection. The definition for notification purposes was changed for newborns by the end of 2015 to a head circumference at birth 432 cm. In March 2016, WHO criteria were adopted, 31.7 cm for boys and 31.5 cm for girls and it is possible that this change could potentially decrease the number of reported cases (Brasil, 2016b) .
According to the Brazilian national notification system the accumulated number of microcephaly cases in Brazil, regardless of the aetiology, from 8 November 2015 to 23
April 2016 was 7228 cases (Brasil, 2016a) . Of these, 194 were confirmed as ZIKV-associated microcephaly based on positive tests for ZIKV, either by RT-PCR or serology. One thousand and four additional cases had confirmation based on brain imaging (calcification, ventricular dilatation, posterior fossa abnormalities). Additionally, in retrospect, health authorities in French Polynesia also reported an increase of CNS malformations following their local ZIKV outbreak (E.C.D.C., 2015).
Perinatal transmission of ZIKV had already been described in late gestation, in two mothers with rash and fever and with a favourable outcome in their newborns (Besnard et al., 2014) , and it is already known that the virus can be detected in amniotic fluid (Calvet et al., 2016; Oliveira Melo et al., 2016) . Importantly, a longitudinal cohort of pregnant women with reported rash has shown a high positivity for ZIKV RNA by RT-PCR (82%), and for DENV-specific IgG antibodies (88%). Abnormal ultrasonography was observed in one-third of these women (Brasil et al., 2016c) .
Presumed congenital ZIKV infection (de Fatima Vasco Aragao et al., 2016) reported in a case series of 23 children was associated with craniofacial disproportion, redundant occipital scalp skin and brain imaging abnormalities. Decreased brain volume, ventriculomegaly, malformation of cortical development, calcifications in the junction between the cortical and subcortical white matter and enlarged cisterna magna were present in those children on MRI or CT scan. A previous report of possible associated ZIKV microcephaly also noted similar imaging features, and in addition noted the presence of arthrogryposis in 11% of those children (Schuler-Faccini, 2016) . Figure 1 shows the MRI features described above.
Ocular abnormalities have also been reported as part of the congenital ZIKV syndrome. Focal pigment mottling and chorioretinal atrophy, optic nerve abnormalities (hypoplasia with double-ring sign, pallor, and/or increased cupto-disk ratio), lens subluxation and coloboma were the main findings (de Paula Freitas et al., 2016; Ventura et al., 2016) . These retinal lesions differ from other congenital infections in their predisposition for involvement of the macular area. Autopsy reports include that of a foetus of a pregnancy interrupted at Week 29, whose mother had a rash on Week 13 (Mlakar et al., 2016) , and that of four newborns with microcephaly (Martines et al., 2016) . Virus-like particles were found in damaged cytoplasmic vesicles on electron microscopy in foetus formalin-fixed cerebral tissue, which were RT-PCR positive for ZIKV RNA and positive on RT-PCR and immunohistochemistry performed on paraffinembedded placenta and brain samples, respectively.
Perinatal transmission of arboviruses is well known to occur and has been described not only for ZIKV (Besnard et al., 2014) , but also for WNV (O'Leary et al., 2006) and CHIKV (Ramful et al., 2007) . For DENV, only antibody placental transfer has been shown to occur (Argolo et al., 2013) . However, DENV RNA has been detected by RT-PCR in breast milk (Barthel et al., 2013) .
In newborn and young mice, intracerebral inoculation has demonstrated that ZIKV replication occurs both in neurons and astroglial cells. There is a predilection for localization of infection in Ammon's horn, but with only moderate perivascular cuffing. Some authors have suggested the possibility of a direct viral role in neuronal destruction, as well as indirect elimination through immunological mechanisms (Bell et al., 1971) . The involvement of the nervous system by other flaviviruses is well known from animal models. Intrauterine infection of pregnant mice with St. Louis encephalitis (SLE) virus has been associated with foetal death, encephalocoele, hydrocephalus, and behavioural and memory changes in surviving mice (Andersen and Hanson, 1975) . JEV can be transmitted via the placenta from inoculated pregnant mice to the foetus, resulting in a significant risk of abortion. Noteworthy, JEV transmission was observed even at 6 months after inoculation and in spite of the presence of specific antibodies. Two intriguing questions arising from these findings are how and where the virus persists, and what are the mechanisms involved in reactivation (Mathur et al., 1982) . More recently, WNV was shown to be able to infect the mouse foetus according to differentiation status of syncytiotrophoblasts, specifically the number of foetuses infected with WNV was greater if pregnant mice were infected early, before placenta maturation. Thus, differentiated syncytiotrophoblasts of the maturing placenta could act as a barrier to foetal infection by WNV (Julander et al., 2006) .
Recently, experimental studies have shed more light on the neuropathogenesis of the congenital ZIKV syndrome. In experimental models, ZIKV targets human brain cells, reducing their viability and growth. These results suggest that ZIKV abrogates neurogenesis during human brain development (Garcez et al., 2016) . Cultured progenitor cells infected by ZIKV demonstrated the presence of viral particles and cells showed apoptotic nuclei on electron microscopy. These cells are productively infected, which results in increasing numbers of infected cells over time . There is also a downregulation of genes involved in cell-cycle pathways, dysregulation of cell proliferation, and upregulation of genes involved in apoptotic pathways, resulting in cell death (Tang et al., 2016) . Additionally, in vivo infected embryonic mouse brains and pregnant mice (Cugola et al., 2016; Miner and Diamond, 2016; Wu et al., 2016) not only confirmed the aforementioned observations, but also replicated the outcomes seen in humans with placental insufficiency , and brain and ocular abnormalities (Cugola et al., 2016; Li et al., 2016) .
Guillain-Barré syndrome and ZIKV
GBS is an autoimmune neurological complex embracing several diseases that share some similarities but which differ in relation to their underlying pathogenesis and clinical manifestations (Hughes and Cornblath, 2005) . In twothirds of cases, GBS is triggered by a prior infection, most frequently respiratory or gastrointestinal (Wakerley and Yuki, 2013) .
GBS has been associated with prior infections by DENV (Solomon et al., 2000) , CHIKV (Wielanek et al., 2007) and, most recently, by ZIKV (Cao-Lormeau et al., 2016). DENV infection preceding GBS has been described in case reports and in a series of patients presenting with various neurological manifestations, including acute motor axonal neuropathy (Sharma et al., 2011; Carod-Artal et al., 2013) . The demonstration of IgM antibodies against DENV in the CSF and reports of virus isolation from brain tissue and CSF suggest direct virus invasion of the nervous system and highlights the potential neurotropism of DENV (Chimelli et al., 1990; Solomon et al., 2000) . An increase in GBS incidence was also observed during an outbreak of CHIKV in French Polynesia (Oehler et al., 2015) .
From October 2013 to April 2014, more than 32 000 suspected cases of ZIKV infection were reported in French Polynesia, and in March 2014 the first GBS case associated with ZIKV was published Santé, 2014) . Subsequently, 42 cases of GBS and 25 cases of other neurological complications (encephalitis, meningoencephalitis, facial paralysis, and myelitis) were reported to local health authorities (WHO, 2016e). Recently, the first case-control study describing clinical and electrophysiological characteristics of these patients has been published (Cao-Lormeau et al., 2016). GBS cases were matched with patients who presented with a non-febrile illness (control group 1) and with patients with acute ZIKV but without neurological symptoms (control group 2). Ninety-eight per cent of patients with GBS tested positive for ZIKV infection (IgG and IgM) and 100% had neutralizing antibodies against ZIKV, compared to 56% of patients from control group 1. Previous infection by DENV was found in 95% of GBS patients, but this did not differ from controls. The estimated incidence of GBS in this outbreak was 0.24 per 1000 ZIKV infected individuals. The main characteristics of GBS noted by the authors were rapid progression to nadir (median of 6 days between the onset of the neurological symptoms to the nadir), and the short plateau phase (median of 4 days), both shorter than what has been described in other series of GBS. Generalized muscle weakness (74% of patients), facial palsy (64%), and inability to walk (44%) were the most common clinical presentations. Respiratory assistance was required by 29% of patients and 93% had an increased protein level in the CSF analysis. All patients received intravenous immunoglobulin treatment, and 3 months after discharge 57% were able to walk without assistance. Thirty-seven of 42 GBS patients had an electrophysiological examination performed in the first week of the neurological complaints. Prolonged distal latencies and reduction of the distal compound muscle action potential (CMAP) amplitude in motor nerve conduction studies were found, suggesting a severe conduction abnormality in distal nerve segments. Substantial conduction slowing or block in intermediate motor nerve segments was not observed. The amplitude and conduction velocity of sensitive nerves were essentially normal. A second electrophysiological study performed 4 months later showed an improvement of the distal conduction abnormalities with reduction of the prolonged distal latencies and near normalization of CMAP amplitudes. Together, these findings are suggestive of acute motor axonal neuropathy. A positive reaction against different glycolipids was detected in 23, and most had reactivity directed towards glycolipid GA1 (17 patients). However, in 550% of these individuals this reactivity was unequivocal, different from what is observed in classical Campylobacter-associated acute motor axonal neuropathy. Thus, there might be other autoantibodies in ZIKV-associated GBS that have yet to be identified. The authors did not find any competition between GA1 and ZIKV proteins, which suggests the absence of antigenic mimicry between ZIKV antigens and GA1 and questions the role of anti-GA1 antibodies in ZIKV-associated GBS pathogenesis. The authors speculated that the Polynesian disease was not mediated by anti-glycolipid antibodies, but rather induced by other autoantibodies or by unknown neurotoxic factors associated with ZIKV infection. This should now be explored in other studies. Other differences from classical acute motor axonal neuropathy patients are: (i) in ZIKV infection 79% of individuals had facial palsy, which is more common in acute inflammatory demyelinating polyradiculopathy; and (ii) severity was different from classical cases as no fatalities were observed and full recovery occurred after 3 months in 57% (Cao-Lormeau et al., 2016) . Finally, it is well known that antibodies against gangliosides play a role in the pathogenesis of GBS (Willison and Yuki, 2002) . Recently, it was demonstrated that there is a high peptide overlap between the ZIKV polyprotein and human proteins related to myelin, demyelination, and axonal neuropathy. This finding further supports cross-reactivity as a potential pathogenic mechanism associating ZIKV infection with GBS (Lucchese and Kanduc, 2016) .
Between January and November 2015, the WHO reported 1708 cases of GBS in Brazil, which represents a 19% average increase from the previous year (WHO, 2016a, d) . However, this must be interpreted with caution because GBS has never been a mandatory reportable disease in Brazil. In addition the large majority of these cases were not tested for ZIKV infection. Moreover the diagnostic and/or exclusion criteria used to classify these cases as GBS is unclear. Following these reports from Brazil, WHO reported a similar increase in cases of GBS in Colombia, El Salvador, Suriname and Venezuela (WHO, 2016b, d) .
The reasons for the increase in the incidence of GBS observed in Brazil, El Salvador, and Suriname are unknown, particularly because potentially other agents and specifically DENV, CHIKV and ZIKV might be involved have all been co-circulating in these countries. In addition, as already noted, the criteria used for classifying these cases as GBS are unknown, and similarly the ZIKV infection status is unclear. Aetiological investigations are still ongoing.
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Other neurological manifestations and ZIKV Acute myelitis was recently described 7 days after ZIKV infection in a teenage girl from Guadeloupe. Spinal MRI disclosed enlargement and hypersignalling in the thoracic and cervical spinal cord. ZIKV RNA was detected in serum, urine, and CSF on the second day of the neurological complaints, and 9 days after the onset of the clinical symptoms by RT-PCR. She was treated with methylprednisolone 1 g daily for 5 days, with clinical and radiological improvement. The presence of ZIKV in the CSF reinforces the hypothesis that ZIKV virus is neurotropic (Mecharles et al., 2016) .
Meningoencephalitis during the course of ZIKV infection was also recently described in an 81-year-old male. He presented both febrile and comatose 10 days after returning from New Caledonia. A brain MRI suggested meningoencephalitis. CSF analysis showed 41 leucocytes (98% polymorphonuclear cells), a protein level of 76 mg/dl, and a CSF/blood glucose ratio of 0.75. ZIKV was diagnosed by RT-PCR and viral culture from the CSF. All these findings supported the diagnosis of a ZIKV-associated meningoencephalitis (Carteaux et al., 2016) .
Discussion
From October 2015, when the first cases of presumably ZIKV-associated microcephaly cases in Brazil were noted, up to the present time, a number of investigations have been carried out to better understand this phenomenon. In vitro cultured progenitor neuronal cells infected with ZIKV demonstrate viral particles suggesting active virus replication and cells showed apoptotic nuclei (Garcez et al., 2016) . From observational studies it is known that the virus disseminates in pregnant females to the amniotic fluid and foetal tissues (Besnard et al., 2014; Calvet et al., 2016; Oliveira Melo et al., 2016) . In terminated gestations, foetus brain histopathology studies demonstrate apoptosis predominately in intermediately differentiated post-migratory neurons in the neocortex, as well as white matter axonal rarefaction and macrophage infiltration. On electron microscopy viral-like particles are found in the same tissues (Driggers et al., 2016; Martines et al., 2016; Mlakar et al., 2016) . Pre-natal ultrasound and Doppler studies also have shown either placental insufficiency or foetal brain abnormalities (Brasil et al., 2016c) . Newborns may present both with microcephaly and ocular findings (de Paula Freitas et al., 2016; Schuler-Faccini et al., 2016; Ventura et al., 2016) and imaging of the brain in those children show junctional brain calcification on CT scans and malformations of cortical development on MRI studies (de Fatima Vasco Aragao et al., 2016) . Finally and remarkably, pregnant women, different from non-pregnant subjects, show the persistence of ZIKV by RT-PCR in blood for weeks after the acute infection (Driggers et al., 2016) .
The possible association of ZIKV infection and microcephaly has been suggested since October 2015 because mothers of those babies, in retrospect, referred to a rash at some time-point in their pregnancies. The presence of calcification on the brain images of most of those microcephaly cases was another factor to support this association. Cutaneous rash has a large differential diagnosis, as is also true for microcephaly and calcification. The precise causes for both conditions have yet to be thoroughly explored in Brazil. In Brazil, urine PCR for cytomegalovirus is not carried out routinely. This is also true for genetic testing, such as array comparative genomic hybridization analysis. These are required to exclude other specific causes of microcephaly and as such caution is required before definitively associating ZIKV and certain cases of microcephaly. The presence of the virus in different tissues and body fluids increases the possible relation of infection and the clinical findings but does not establish a definitive causal association. However, the association with infection has strong support and specific phenotypes have been characterized for both foetuses and newborns. Nevertheless further epidemiologic and pathogenetic studies are required.
Factors involved in permitting the virus to spread so impressively in the foetus are still unknown, as are the reasons for its prolonged persistence in pregnant women. The frequency of morbidity in vertical infection is yet to be determined, as well as the timing of acute infection during pregnancy, which might be associated with different foetal outcomes. Longitudinal studies should provide clarification on this. Additionally, further experimental congenital infection with ZIKV in animal models and in cultured human brain cells will help in our understanding of the pathogenesis of this virus in developmental nervous system disorders.
The only report with reliable information on the diagnostic criteria used to identify suspect GBS cases associated with ZIKV infection has been the one from French Polynesia. As there are neither pathognomonic clinical characteristics nor biomarkers available, the distinction between GBS and other similar diseases (acute myelitis, Lyme disease, tick paralysis, myasthenia gravis, botulism, acute polymyositis) may be challenging, particularly in places with poor diagnostic resources. Future research in this field should adopt standardized clinical criteria for GBS such as proposed by the Brighton Collaboration GBS Working Group (Fokke et al., 2014) .
Neurological diseases other than GBS have been observed in some ZIKV outbreaks (WHO, 2016d) . It is worth remembering that other circulating viruses, such as WNV, may cause neurological syndromes, including GBS, in some of these countries (Vieira et al., 2015a, b) . Thus it is important to exclude other infectious agents such as WNV, DENV, and CHIKV as factors or cofactors for the development of neurological complications. This is essential particularly in regions where these viruses coexist. In Brazil, for example, most suspected cases of ZIKV, DENV, and CHIKV have not been confirmed by laboratory testing.
Conclusions
Until recently ZIKV was considered an infectious agent of relatively minor importance. However, there are now serious concerns following its rapid dissemination that it may be associated with serious neurological complications. The public health and economic implications of this outbreak cannot be minimized. The emergency of an epidemic of microcephaly is of great concern for countries with relatively high birth rates and the medical, economical and psychological burdens experienced by families are worsened by ailing health systems, which cannot adequately deal with the current outbreaks. In addition, ethical and social implications have to be taken into consideration, particularly in countries in which abortion is restricted to very specific circumstances or even totally prohibited. The consequences of a GBS outbreak are also of concern as this may overwhelm the health systems, which may not be able to respond quickly and efficiently to an increased population of patients needing continued hospitalization support and specific and expensive treatments.
No vaccine is available against ZIKV, and this and the development of new therapeutic approaches should be one of the priorities for future research. All potential drugs must be safe for use in pregnancy. In the interim, priority interventions must include effective new methods for vector control and simultaneously, the development of better and rapid diagnostic tools. Finally, more experience will be needed to understand how to best address newborn babies with severe and disabling congenital malformations (Barreto et al., 2016; Calvet et al., 2016) .
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